Objective In the past decade, extended-spectrum β-lactamase (ESBL)-producing bacteria have increasingly frequently been isolated from various kinds of clinical specimens. However, the appropriate treatment of pneumonia in which ESBL-producing bacteria are isolated from sputum culture is poorly understood. To investigate whether or not ESBL-producing bacteria isolated from sputum in pneumonia cases should be treated as the causative bacteria.
Introduction
Extended-spectrum β-lactamase (ESBL)-producing bacilli are the generic designation for Gram-negative bacilli producing β-lactamase that have acquired the ability to degrade third-and fourth-generation cephalosporins and monobactams (1) . This class of bacteria includes four species (Escherichia coli, Klebsiella pneumoniae, Klebsiella oxytoca, and Proteus mirabilis) that the Clinical Laboratory and Standards Institute (CLSI) suggests should be targeted for the detection of ESBL (2) . These bacteria may be isolated from various specimens, including urine, sputum, and blood culture.
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In 1983, ESBL-producing bacteria were discovered for the first time in Europe, and the detection frequency since then has been increasing. According to a report published in 2013 (3), the global rate of the E. coli ESBL-phenotype was 24.1%, and regional rates of 12.6%, 19.4%, 35 .7%, and 57.4% have been reported in North America (NA), Europe and the Mediterranean region (EU), Latin America (LA), and the Asia-Pacific region (APAC), respectively. Among Klebsiella spp., the global rate of ESBL-phenotype was 32.5%, and regional rates of 15.4%, 41.9%, 52.6%, and 47.2% have been reported in NA, EU, LA, and APAC, respectively. In Japan, the frequencies of ESBL isolation are lower than those of the APAC, with Japan reporting frequencies of 2.4-8.6% for K. pneumoniae and 5.3-10% for E. coli (4, 5) .
Community-acquired pneumonia (CAP) is most commonly due to Streptococcus pneumoniae, atypical bacteria, and respiratory viruses (6) . Hospital-acquired pneumonia (HAP) and ventilator-associated pneumonia (VAP) more frequently involve resistant pathogens, such as Pseudomonas aeruginosa,
Gram-negative Enterobacteriaceae, and methicillin-resistant Staphylococcus aureus (MRSA). Pathogens in immunosuppressed patients are even more diverse and include opportunistic pathogens (7, 8) . In 2005, the American Thoracic Society (ATS)/Infectious Diseases Society of America (IDSA) guidelines introduced a new classification of pneumonia: healthcare-associated pneumonia (HCAP) (9) . It has been suggested that HAP, VAP, and HCAP are more frequently associated with antibioticresistant pathogens than CAP (8, 9) . However, this concept has been the subject of controversy, as several studies have shown that the frequency of isolation of drug-resistant pathogens from HCAP patients is not high (8, 10, 11) . As such, in the new guidelines of HAP/VAP published by the ATS/IDSA in 2016, HCAP was addressed separately from HAP/VAP (7). The isolation frequency of ESBL-producing bacteria from sputum has varied among reports: ESBLproducing E. coli, K. pneumoniae, and P. mirabilis have been detected at rates of 0.5%, 0.2-8.7%, and 0%, respectively, in CAP and 0.7-9.5%, 0.2-6.4%, and 0.3-0.4%, respectively, in HCAP (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) . ESBL-producing bacteria vary in resistance genotypes and separation frequencies by area and hospital source (4, 5, 22) .
Regarding the treatment of pneumonia, recommendations of antibiotics are based on the pathogen, disease severity, and patient background (6, 9, 23) . When ESBL-producing bacteria are isolated from sputum or when the bacteria are expected to be the causative infecting organisms of pneumonia, the use of carbapenems has been recommended (9) . Notably, however, it is difficult to determine whether the drugresistant bacteria (including ESBL-producing bacteria) isolated from sputum are the causative organisms of pneumonia or simply colonizing the patient. In fact, although the use of broad-spectrum antibiotics has been increasing after the 2005 ATS/IDSA guidelines introduced the classification of HCAP (24) , it has been reported that pneumonia improves even when treatment is not performed in accordance with the guidelines (11, (25) (26) (27) (28) . For this reason, some commenters have suggested that treatment according to the guidelines may not always be appropriate (14, (25) (26) (27) . Some researchers advocate the use of carbapenems only in the most seriously ill cases in an effort to avoid the selection of carbapenem-resistant bacteria (29, 30) . Furthermore, the use of wide-spectrum antibiotics incurs the risk of selecting for resistance in other (bystander) bacteria (31, 32) .
How often ESBL-producing bacteria cause pneumonia and whether targeted treatment is needed for cases in which these bacteria have been isolated from sputum cultures is unclear. To examine the need to treat ESBL-producing bacteria, we retrospectively analyzed antibiotic treatment and the initial treatment effectiveness in patients with pneumonia from whom ESBL-producing bacteria had been isolated via sputum culture.
Materials and Methods

Subjects
The screening process used in this retrospective study is shown in Fig. 1 . We performed primary screening in a laboratory examination database for cases/patients (admitted between January 2009 and December 2015) in whom culture of expectorated or aspirated sputum had been performed due to suspicion of pneumonia, with E. coli or Klebsiella spp. subsequently isolated. If the same species was detected twice or more in a given patient within the study period, only the first occurrence was counted and screened at the next step. If different species were detected in a given patient within the study period, each occurrence was counted as a separate event. In the second screening step, we extracted cases/patients from whom ESBL-producing bacteria had been isolated and determined the isolation rate of each ESBL-producing species as a fraction of the samples identified via the primary screening. For instance, for E. coli, the isolation rate was calculated as the number of patients with ESBL-producing E. coli divided by the number of patients with E. coli. In a third screening step, from among the secondarily screened cases, we screened for those patients who had been diagnosed with pneumonia. In the final screening step, we extracted those patients with CAP or HCAP in order to analyze the efficacy of initial treatment with antibiotics.
The diagnosis of pneumonia was based on respiratory (expectoration, coughing, dyspnea) and/or constitutional (a fever or lassitude, disturbance of consciousness) symptoms with newly developed shadow(s) in chest X-ray and elevated levels of C-reactive protein (CRP) and/or changes in white blood cell counts (WBCs).
The exclusion criteria were as follows ( Fig. 1 ): infectious diseases aside from pneumonia among secondarily screened patients; HAP, VAP, and concomitant infection in other organs among the tertiarily screened patients. Primary screening
Detection of ESBL-producing bacteria
In this study, we searched for three of the species of bacteria (E. coli, K. pneumoniae, K. oxytoca) that the CLSI has targeted for the detection of ESBL-producing bacteria. Enterobacterial organisms were identified, and antimicrobial susceptibilities were determined via the MicroScan Neg Combo Panel NENC1J (Beckman Coulter, Brea, USA) using a Microscan WalkAway 40SI (Beckman Coulter) and the standard criteria of the CLSI (2). ESBL production was assessed by the double-disk synergy (DDS) test. The DDS test was performed using ceftazidime and cefotaxime (30 μg) disks with and without clavulanic acid (10 μg) (Eiken Chemical, Tokyo, Japan). The ESBL production phenotype was defined as a ! 5-mm increase in zone diameter for at least 1 of the combination disks relative to the corresponding single antibiotic disk (33, 34) . E. coli strain ATCC 25922 and K. pneumoniae strain ATCC 700603 were used as negative and positive controls, respectively, for ESBL production.
Evaluation of the subjects and sputum samples
The severity of pneumonia was assessed by CURB-65 (35) . The quality of the sputum was evaluated by Geckler's classification (36) . The results of semi-quantitative sputum culture were expressed as follows: no growth as -(minus), light growth (equivalent to 10 4 CFU/mL or less) as 1+, moderate growth (equivalent to 10 5 to 10 6 CFU/mL) as 2+, and heavy growth (equivalent to 10 7 CFU/mL or more) as 3+. The degree of independence in daily life was determined by the Performance Status (PS) scale of the Eastern Cooperative Oncology Group (ECOG). HCAP was defined according to ATS/IDSA guidelines (9) . CAP was defined as pneumonia that developed in the community but did not meet the definition of HCAP.
Judgment of treatment efficacy
To determine retrospectively whether or not the isolated ESBL-producing bacteria were causative organisms of pneumonia, we systematically judged the effect of the initial antibiotics administered to the patients. We evaluated the following seven items at three to five days after the initiation of treatment: five physical findings (body temperature, respiratory rate, SpO2, pulse rate, blood pressure), chest X-ray findings, and WBCs (Table 1) (6, 23, (37) (38) (39) (40) . If only one or two items showed improvement, we judged the case as exhibiting no initial antibiotic effect. The judgment was performed by two independent respiratory physicians with final agreement. 
Results
Patient enrollment
Klebsiella spp. or E. coli was isolated in 400 cases (400 patients), consisting of 285 patients harboring members of the genus Klebsiella (including 261 cases with K. pneumoniae) and 115 patients harboring E. coli. ESBL-producing bacteria were isolated in 27 patients (23 with E. coli, 4 with K. pneumoniae). ESBL-producing K. oxytoca was not isolated from any of these patients. Twelve of the 27 patients were excluded, and the remaining 15 were diagnosed with pneumonia, including 7 with CAP (5 with E. coli, 2 with K. pneumoniae) and 8 with HCAP (8 with E. coli) (Fig. 1) .
Characteristics of patients with CAP/HCAP from whom ESBL-producing bacteria were isolated
The patient characteristics are shown in Table 2 . The average age was 84.1 years old (range 68-95 years), and 9 patients (60%) were men. As for the degree of independence in daily life, the PS scores of 9 patients were more than 2. In terms of disease severity, no cases required admission to the intensive-care unit or mechanical ventilation. Seven patients were diagnosed with respiratory failure (SpO2 <90%) at the time of starting antibiotic therapy. On chest X-ray, bilateral infiltrates were seen in 11 patients, and pleural effusion was seen in 3 patients. Nine patients had risk factors for aspiration, namely a history of cerebrovascular diseases or neuromuscular diseases or a PS score of greater than 2. The simultaneously isolated organisms from these 15 patients are shown in Table 3 . MRSA was most frequently isolated concomitantly with ESBL-producing bacteria, reflecting the patients' complicated conditions. The details of the 15 patients are shown in Table 4 . Geckler's classification of sputum was as follows: classifications of 1/2/3/4/5/6 were reported in 0/4/2/2/3/4 patients, respectively. Table 4 shows the details of the 15 patients. All 15 patients received initial antibiotic treatment for pneumonia. Fig. 2 shows the antibiotic(s) used for treatment and the outcome. In the initial antibiotic treatment, 12 patients were treated with a single antibiotic, and 3 patients were treated All of the patients were followed by physicians. The initial antibiotics were either continued to the end of the treatment of pneumonia (8 patients; Group 1), changed to oral antibiotics (6 patients; Group 2), or changed to another antibiotic (due to lack of efficacy of the initial antibiotics) (1 patient; Group 3).
Effect of initial antibiotic treatment
In Group 1, 5 patients improved, and 3 patients died. One patient (case 14) was considered to have died from pneumonia. This patient had been in end-stage condition with multiple comorbidities and had been bed-ridden, preventing her family members and the physician from using antibiotics known to target ESBL-producing bacteria. Another two patients were considered to have died due to worsening of their underlying heart failure.
The sole patient in Group 3 (case 6) was treated with Ceftriaxone (CTRX) as the initial antibiotic without improvement of pneumonia. After the isolation of ESBLproducing E. coli from sputum, the antibiotic was switched to Meropenem (MEPM), resulting in improvement of pneumonia.
A retrospective judgment of the treatment efficacy of the initial antibiotics on Days 3-5 revealed that 13 patients (87%) were successfully treated with the initial antibiotics, while 2 did not show any improvement.
Discussion
In this study, the examination of 400 sputum cultures resulted in the isolation of ESBL-producing bacteria in 27 (6.75%) cases. This rate of isolation was equivalent to that reported in a previous study in Japan (5) . Despite the isolation of ESBL-producing bacteria from these patients, it was difficult to determine whether these microbes represented the source of pneumonia or were simply colonizing these patients. Among the 27 patients, 10 (37%) ultimately were diagnosed with diseases other than infections of the lower respiratory tract. This result suggests that the ESBLproducing bacteria that are colonizing the respiratory tract frequently can be isolated from sputum cultures.
Combinations of beta-lactamase inhibitors, fourthgeneration cephalosporins, aminoglycosides, fluoroquinolones, and cephamycins may show good efficacy against ESBL-producing bacteria, but such combinations are not considered to be first-line therapy for treating infections by these microbes (9, 41, 42) . David and Emery reported that even when ESBL-producing bacteria exhibited in vitro susceptibility (minimum inhibitory concentration (MIC) ! 8 μg/ mL) to cephalosporins (but not cephamycins), treatment with these compounds failed in the clinical context. Therefore, regardless of the results of in vitro antibiotic drug susceptibility tests, such results should be interpreted with caution (42, 43) . It has been reported that carbapenems show antibacterial activity against more than 98% of ESBLproducing E. coli, K. pneumoniae, and P. mirabilis isolates (44) . The HCAP guidelines recommend the use of carbapenems for the antibiotic treatment of pneumonia caused by ESBL-producing bacteria. There are no randomized trials for the clinical treatment of pneumonia caused by ESBL-producing bacteria (45) . In addition, there is little evidence on the efficacy of treating pneumonia with carbapenems in cases where ESBL-producing bacteria are isolated from sputum cultures.
In the present study, we identified 15 patients who had been diagnosed with pneumonia and yielded ESBLproducing bacterial isolates. None of these 15 cases were initially treated with antibiotics such as carbapenems, fourthgeneration cephalosporins, aminoglycosides, or cephamycins. In Group 1, fluoroquinolone was used in one patient with ESBL-producing E. coli; testing subsequently revealed that this isolate was resistant to this drug. However, except for 1 patient who died of pneumonia in Group 1 and 1 whose condition was relieved with carbapenem in Group 3, 13 patients (87%) were successfully treated with the initial antibiotics. In other words, although this study could not determine whether or not the ESBL-producing bacteria isolated from sputum cultures were the actual pathogenic cause of pneumonia, the findings from our analysis of the treatments and results suggest that the use of broad-spectrum antibiotics with activity against ESBL-producing bacteria was not required in these cases.
When the concept of HCAP was established in the 2005 ATS/IDSA guidelines, patients with HCAP were considered at risk of harboring multi-drug-resistant (MDR) bacteria (9) . Recently, however, it has been reported that HCAP itself may not be associated with an increased frequency of MDR bacteria (8, 10, 11) . Furthermore, many researchers have reported that guideline-concordant therapy does not improve the outcome in HCAP (25) (26) (27) (28) . Instead, death in patients with HCAP may reflect the patient's condition (e.g. age, initial general status, underlying diseases, disease severity of pneumonia, and anamnesis) rather than the presence of re- Table 4 A er ini al an cs Ini al an io c treatment sistant bacteria that failed to respond to the administered antimicrobial treatment (8, 13, 15, 46) . Therefore, whether or not all patients who need hospitalization and are at risk of harboring resistant bacteria should receive wide-spectrum antibiotic therapy as the initial treatment remains unclear.
The unnecessary use of wide-spectrum antibiotics is discouraged because their use can increase the possibility of selection for MDR bacteria (12, 47, 48 ). An analysis by Ito and Mishima (49) indicated that, although patients who expectorated resistant bacteria in their sputum have a worse prognosis than those without resistant bacteria, the cause of death was not attributable to therapies not covering the resistant pathogens; those results implied that wide-spectrum antibiotics are not always suitable when drug-resistant bacteria are isolated in sputum culture. Maruyama et al. showed that HCAP patients with more than 2 MDR risk factors (antibiotic use within 180 days, Barthel Index less than 50, hospitalization more than 2 days within 90 days, immunocompromised state) had a significantly higher 30-day death rate and detection rate of MDR bacteria than did HCAP patients with 0 or 1 MDR risk factor. Therefore, those authors recommended that physicians avoid excessive use of widespectrum antibiotics in initial treatment of HCAP by considering the severity of pneumonia and the number of MDR risk factors (15) . Even in cases with ESBL-producing bacteria in their sputum samples, the usage of wide-spectrum antibiotics such as carbapenems can be limited in severe cases (29, 30) .
There are several limitations to the present investigation. First, this study was conducted in a single hospital, and the population size was too small to permit a conclusive recommendation. Nonetheless, these results suggest that clinicians should use caution in distinguishing between the isolation of MDR organisms and assignment of those bacteria as the pneumonia-causing pathogen. Second, the retrospective design of this study incorporates various biases, including observer bias and diagnosis bias. Furthermore, we did not consistently search for the possibility of pneumonia caused by atypical pathogens and viruses. Moreover, because the final population analyzed included only hospitalized patients, whether our results would also apply for outpatients is unclear.
In conclusion, even when ESBL-producing bacteria are isolated from sputum cultures in CAP or HCAP patients, antibiotics with activity against ESBL-producing bacteria are not always necessary.
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